Relative 5-year survival for stomach cancer has increased gradually in Osaka for more than two decades, while women show a small but consistently lower survival for it. We analyzed gender differences in stomach cancer survival, using relative survival model proposed by Dickman et al. Study subjects were reported stomach cancer cases diagnosed in 1975 -99. We estimated the excess hazard ratios (EHRs) of death using Poisson's regression model. The crude EHR for women was 1.12 [95% confidence interval (CI): 1.09 -1.14] in comparison with men. After adjustments for year and age at diagnosis, the EHR for women decreased to 1.07 (95% CI: 1.05 -1.09), and furthermore, it reached to an insignificant level of 1.02 (95% CI: 0.99 -1.04) after an additional adjustment for the extent of disease (localized, regional, distant and unknown). With further adjustments by histological type (intestinal, diffuse and others/unknown), method of detection (screening or not) and treatment (surgery or not), the EHR decreased to 0.97 (95% CI: 0.94 -0.99), significantly lower than the unity. These results indicate that the lower stomach cancer survival among women was attributable mainly to more advanced stages among women. The survival for women would have been a little better than for men if prognostic factors for stomach cancer had been comparable between the sexes. Inequality by the gender in taking screening, medical examination or treatment for stomach cancer was suggested to exist in Osaka, Japan.
INTRODUCTION
Stomach cancer is one of the most common cancers in the world. Age-standardized mortality rate of stomach cancer has decreased since the 1960s in Japan, and now it is the second most common causes of death from malignant neoplasm in men after lung cancer, whereas it is still in the first place in women (1) . Relative 5-year survival for stomach cancer has increased in Osaka, Japan, for more than two decades, while women show a little but consistently lower survival for it (2, 3) . In order to clarify the magnitude of the gender difference in stomach cancer survival and its relating factors, we carried out a population-based study in Osaka using relative survival model proposed by Dickman et al. (4) .
PATIENTS AND METHODS

DATA SOURCES
The Osaka Cancer Registry has been operating since 1962, covering all of Osaka Prefecture (8.8 million in 2000 census), and it enables the observation of long-term trends of cancer incidences with reliable accuracy (5, 6) . The proportion of death certificate only cases was 10.5% in men and 14% in women for the period of 1975 -99. In the case of multiple tumors, only a first primary was included in the survival analyses.
Individual data on 72 789 reported stomach cancer cases [ICD 10th Revision, C16 (7) 
STATISTICAL ANALYSIS
Distributions of the patients' characteristics were assessed with x 2 test for categorical variables. The cumulative observed survival was estimated by using the Kaplan -Meier method. Survival time was computed from the date of the first diagnosis to the endpoint, defined as death from any cause. The closing date was defined as the date after 5 years from the first diagnosis. The relative survival was calculated as the ratio of the observed to the expected survival, which was calculated by the Ederer II method using general population life tables of Japan (11) .
Differences in 5-year relative survival by sex were modeled by using a multiple regression approach based on generalized linear models, which adopted the Poisson assumption for the observed number of deaths. The excess hazard ratios (EHRs) of death derived from these models quantified the extent to which the risk of death in a given group differed from that in the reference category after considering the background risk of death in the general population (4, (12) (13) (14) .
Differences were considered statistically significant if P values were ,0.05 in the two-sided. Data management and statistical analyses were conducted with STATA (15) .
RESULTS
A total of 72 789 newly diagnosed stomach cancer cases were included in this study (47 535 cases for men and 25 254 for women). The proportion of the lost-to-follow-up was 3.21% for men and 3.40% for women. Patient characteristics were different between the sexes ( Table 1 ). The mean age at diagnosis was 62.8 years for men and 62.5 years for women. Men were diagnosed at an earlier stage than women (percentage of the localized; 37.0% vs. 33.0%). Intestinal type of stomach cancer was most common among men, whereas diffuse type was most common among women. In men, more patients were diagnosed in recent years, detected through screening and treated by surgery than in women.
Relative 5 The survival has increased 1.5-fold (from 32.0% to 50.3%) for men and 1.7-fold (from 26.7% to 47.6%) for women. Although women showed a little but consistently lower survival than men, these differences in survival were getting smaller in recent years. Table 2 presents the relative 5-year survival and its 95% CI according to the patients characteristics. The survival decreased with age for both sexes. The survival for the localized disease was .84% for both sexes, and there were no remarkable differences in stage-specific survival between the sexes. Intestinal type of stomach cancer showed a better survival than diffuse type (61.1% vs. 42.7% for men and 60.3% vs. 44.8% for women). Screening-detected cases showed a better survival than the others. Cases treated by surgery also showed a better survival than the others. Table 3 shows the estimated EHRs of death and their 95% CI. The crude EHR of death for women was 1.12 (95% CI: 1.09 -1.14), significantly higher than that for men (Model 0). The EHR for women adjusted by year and age at diagnosis was 1.07 (95% CI: 1.05 -1.09), significantly higher than that for men (Model 1). The EHR, however, decreased to 1.02 (95% CI: 0.99 -1.04) after a further adjustment for the extent of disease (localized, regional, distant and unknown) (Model 2). With further adjustments by histological type (intestinal, diffuse and others/unknown), method of detection (screening or not) and treatment (surgery or not), the EHR decreased to 0.97 (95% CI: 0.94 -0.99), significantly lower than the unity (Model 3).
In the model with all covariates (Model 3), the EHR decreased with the later years at diagnosis, whereas it increased with the increasing age at diagnosis. With respect to cancer stage, the EHR increased from 7.33 (95% CI: 7.01 -7.66) for the regional to 17.01 (95% CI: 16.24 -17.82) for the distant, when compared with the localized. Stage at diagnosis was strongly associated with prognosis. The EHR for diffuse type was 1.44 (95% CI: 1.40 -1.49), significantly higher than that for intestinal type, and the EHR for others/ unknown was also elevated. Histological type was suggested to be an independent predictor of survival. Screening-detected and surgically treated cases showed much lower EHR of death than the others.
DISCUSSION
Our study results indicate that the consistently lower survival for stomach cancer among women was attributable to 
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Gender differences in stomach cancer survival their more advanced stages and older ages at diagnosis, more cases of diffuse type and less cases that were screening-detected and/or surgically treated. After adjustment for these covariates, the EHR for women was significantly lower than that for men. These suggest that the prognosis for stomach cancer among women would have been a little better than that among men, if background factors such as extent of disease, histological type, method of detection and treatment had been comparable between the genders.
The findings above might be able to generalize to Japan as a whole. National estimate of relative 5-year survival for stomach cancer was 59.0% (95% CI: 58.4 -59.6) for men and 57.0% (95% CI: 56.2 -57.8) for women in Japan during the period of 1993 -96 (16) . According to the Comprehensive Survey of the Living Conditions of People on Health and Welfare conducted by the Ministry of Health, Labour and Welfare in 2007, the proportion of those who took stomach cancer screening in the past 1 year was 32.5% for men and 25.3% for women (17) . Of those who had undertaken stomach cancer screening, 57.7% undertook it at their work place and 22.1% at their municipality among men, whereas 42.3% took it at their municipality and 37.5% at their work place among women. Gender difference in the opportunity for stomach cancer screening may exist not only in Osaka but also in Japan as a whole, and it may partly explain the gender difference in the stomach cancer survival for the nation. Stomach cancer screening has been conducted for all residents aged 40 years and over in Japan; thus, it is unlikely for the screening program to improve stomach cancer survival among women ,40 years. However, since the proportion of stomach cancer cases ,40 years is very small, we consider that it is important to improve the equal opportunity of the screening program for reducing the gender difference in stomach cancer survival as a whole.
Intestinal type of stomach cancer was reported to have a better survival than diffuse type, based on the data from surgically operated cases (18) . In our study, similar results were obtained, based on a population-based cancer registry data. Our study results suggest that histological classification by Lauren was an independent predictor of survival from the extent of disease at diagnosis. The biological factor is, however, uncertain why diffuse type of stomach cancer is more in female patients than intestinal type.
Some limitations existed in our study. First, the proportion of screening-detected cases might be underestimated in the Osaka Cancer Registry database due to insufficient information in history of cancer screening. Potential misclassification from this underestimation is, however, considered to be non-differential for sex; thus, it should not have reversed our findings for the sex difference. Second, the proportion of histological type of others/unknown might not be negligible. In total, 15.2% and 18.2% were the cases without histological information among men and women, respectively. Among the cases of others, 93.2% and 91.8% were adenocarcinomas, of which degrees of differentiation were unknown among men and women, respectively; 2.0% and 3.8% were leiomyosarcoma among men and women, respectively. If we assume that all data for histological type of others/unknown had been intestinal type, the survival of male stomach cancer patients for intestinal type would have decreased to 46.5% and that of female would have decreased to 39.8%. On this extreme assumption, the survival of female stomach cancer patients for diffuse type would have exceeded that for intestinal type. However, if 70% of this histological category had been intestinal type, this reverse effect would not have occurred. Although we should keep in mind the possible bias introduced by misclassifications, our findings would not change seriously.
In conclusion, the prognosis for stomach cancer among women in Osaka was confirmed to be worse than that among men. Inequality between the genders in taking screening, medical examination or treatment for stomach cancer was suggested to exist in Osaka or in Japan as a whole. Further studies are warranted to clarify this potential inequality and reasons for it.
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